It is found that there is an optimal depth, at fixed applied bias, of the AlGa/ks layer within the structure that provides maximum responsivity at minimal compromise in speed.
I. INTRODUCTION
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_l'ltUC_ltl respectively, of the detector. Carriers generated deep within the semiconductor must traverse a greater distance before they are collected at the contacts compared to those generated near the surface. Depending upon the magnitude of the electric field within the semiconductor, the time needed to collect those carriers generated deep in the device can vary drastically. Under low bias conditions, --magnitude of 5-10 V, which is typical for most integrated circuit applications, this collection time can be prohibitively long in high speed applications.
It has been suggested that the insertion of a double heteroslructure layer can improve the time response of MSM detectors
[2]. The double heterost_ucture layer acts to block those carriers generated deep within the device structme. As • result, only those carriers photogenerated within the top absorption layer 8re collectezl leading to a fast overall response. However, 8s described above, the responsivity principally depends upon the number of photogenerated carriers collected at the contacts. A high responsivity, especially at low input power levels, dictates that most of the photogenerated carriers be collected. Since many of the photogenerated carriers are produced deep within the semiconductor layer, the insertion of • double beteroslructure layer in order to improve the speed of the device, necessarily reduces its responsitivity as well.
Therefore, there exists a fundamental tradeoff between the speed of response and responsivity of a heterostructure MSM detector.
It should be noted that the absorption coefficient varies slrongly with the optical wavelength.
In this paper, we examine the response of the photodetector to only one incident wavelength, 840 nm. either the thermionic emission or diffusion current, depending upon which is smaller. In the present model, the drift-diffusion and thermionic emission current densities at the heterointerface are computed and compared. The actual current density across the heteroimerface is then given by the smaller of these two qtamdties ensuring that the current across the junction is either thermionic emission or diffusion limited. Tunneling across the betcrojunction is modeled based on the theory of Crowell and Rideout [9] and as developed in [10]. The tunneling current density is added at the heterojunction interface to give the total currentdensityacross the Interface.
Equations (1)--(6) along with the proper boundary conditions
can be solvedfor the three fundamentalvariables q_, n, and p.
The Dirichlet boundary conditions of theelectrostatic potential used at the Schottkycontactsare
where q% is the built-in potential, 
where Nc and N,: are the electron and hole effective density of states, and Egap is the energy gap. At any interface, Gauss's law can be applied to relate the normal component of the electric flux density to the interface charge as 0¢:
where Qint is the interface charge. The free surface carrier concentrations are determined from conditions on the normal
current [4], [12]:
j_.. ,_ = q./_.rf (15) where R "urf is the surface recombination rate. Equations (12)-04) reduce to the usual Neumann boundary conditions when the interface charge and the surface recombination rates vanish.
The box integration approach of the finite difference method
[4] is used to discretize (I)-(6).
These equations are then solved with their appropriate boundary conditions on a nonuni- The parameters used to characterize the optical input signal are collectedin Table II . In these calculations the boundary condition at the bonom surface and along the sides of the device is assumed to be floating.
The response of the GaAs MSM device as sketched in if the active layer thickness is increased fur,her to 2 pro, the same trend is observed; more carries are collected from the bottom of the active layer resulting in a longer fall time, ,-,42
In, and slower speed of response. Interestingly, the maximum output signal current ultimately decreases with increasing d_.
The maximum signal current is plotted as a function of active layer thickness in Fig. 7 . As can be seen from Fig. 7 , the output signal current reaches a maximum for an active layer thickness of dz = 2 #m. The maximum signal current is significantly less for a device with dx = 4 pm than with dx = 2 pro, though the fall times are comparable. Clearly, at an applied bias of -5 V. there exists an optimal thickness, in terms of speed of response and collection efficiency, for layer dl.
In an attempt to understand the origin of the peak in the output current signal versus active layer thickness curve, we Alternatively, in the 4.0 _m device, the lateral component of the electric field acts to acclerate the holes to some extent laterally. As a result, the hole trajectory for collection is longer, effectively delaying their collection at the contacts. Since the holes spend more time in this region their chances of suffering a recombination event increase, leading to a reduction in the collected current. Subsequently, dus could result in an increased collected current within the 2.0 _m width device than in the 4.0/_m width structure. A more detailed analysis of this problem using a more sophisticated, hydrodynamic model will be made in the future to further test this hypothesis.
The effect of the beterojunction on the response to a square wave input is considered next. The same model and approach as described above is used but with a square wave input signal applied to the device. The output current response to
• square wave input with repetition rate of 1 GHz and 0.5 ns duration time is shown in Fig. 10 for different GaAs active and under low bias conrlltions, the A1GaAs layer should be placed near the top surface of the device. To obtain a fast response under low light illumination levels, the active layer thickness and the applied bias should be increased. However, operatiort at high bias can increase the dark current levels of the device if the electrode spacing is small. Subsequently, there exist several tradeoffs in the design of an interdigitated MSM photodetector. Use of a simulator such as the one described here, is essential for optimizing a structure for a particular application.
